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Abstract 
This study aimed to develop two programs, one for assessment and another for intervention with metaphonological skills and 
reading, divided into Study 1: development an assessment and intervention programs and Study 2: application of the programs 
for students with and without learning difficulties. A total of 32 students participated, from 2nd to 5th grade of elementary school 
with and without learning difficulties, both groups submitted the assessment in pre and post-testing program. The results showed 
that intervention groups were benefited from the intervention program, demonstrating its effectiveness, and also, the assessment 
program as a tool for surveying and reassessing the altered skills 
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1 . Introduction 
 
1.1 The context of educational computing in Brazil 
 
The Educational Computing is characterized by the use of information technology as a support to the teacher, 
being an additional aid in the classroom. At this level, the computer is operated by specialist teachers, according to 
their capacities, making it possible to simulate, practice or experience situations and may even suggest abstract 
conjectures, fundamental to the comprehension of knowledge or knowledge model that is being built (Borges-Neto, 
1999). 
According to Valente (1993), four basic requirements for the deployment of effective resources in education are 
necessary: the computer, the educational software, a specialist teacher, capable of using the computer as an 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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educational means, and the student, considering that no one will excels the other, so that  the computer may become, 
not only the instrument that teaches the learner, but the tool in which the student develops something, and so 
learning takes place by the fact of running a task via computer . 
A growing number of schools have introduced in their curriculum the teaching of computer science in  modern 
times, investing in computer rooms, in which the  students usually attend once a week , accompanied by a monitor 
or, at best  by a trainee linked to the area, proficient in specialized computing education. Thus, instead of learning to 
use this new technological apparatus in favor of meaningful learning and universal access to knowledge, students 
are "trained" to use the latest computer technology for lessons which are not in accordance to the scholastic texts, 
without any links to other disciplines and without any pedagogical concept (Valente & Freire, 2001). 
Thus, according to the conjecture presented, which does not yet have a clear goal on the use of this tool, there are 
proposals for computer programs (Ecalle, Kleinz & Magnan, 2013) which, as described by Oliveira (1996), may 
offer to the students, both normal and those with learning difficulties, a new atmosphere and a different kind of 
student - teacher relationship than the traditional school. Thus, in a context in which the instrument used to promote 
learning is a computer (with one software to assist in the activities), the interest for learning can be reinforced. 
According to Shih and Alessi (2004), the use of multimedia resource, ie , programs or information environments 
that use computers to integrate text, graphics, images, videos and audios, represent a strong tendency on the digital 
world in which they are immersed in our schools, as well as an excellent resource for keeping students motivated . 
Motivation, according to studies by Ellis (2008) and Griffith (2008), is a very important factor in learning, and 
teachers must do everything to keep their students motivated. These considerations are countersigned by such 
studies from Kamberi (2013), which showed that the incorporation of technologies such as the use of computers in 
the learning process, can act as a highly motivational factor for the development of academic skills in the classroom. 
 
1.2 Learning difficulties in the assessment context 
 
The assessment of learning disabilities should be an extensive process of data collection, including a quantitative 
and qualitative analysis, aiming to verify the level of implementation of school tasks, the previous child 
development, behavior in the classroom, opinion of the teacher, family and social environment, skills, learning 
methods, assessment methods of learning and other aspects related to the environment and the student (Romero, 
1995). 
Evaluating the performance or school performance is a difficult task, both for teachers and for professionals who 
face lack of measurement tools appropriate to our culture, plus the complexity of the processes involved (Cunha, 
2000). In Brazil, the experience with assessment tools on school performance or cognitive- linguistic skills involved 
in the learning process is very scarce. 
For the occurrence of a proper analysis of metaphonological abilities, it becomes necessary a careful choice 
towards the evaluation procedure. Several aspects related to the procedures should be considered ( complexity of the 
terms used , quality of stimuli (auditory, visual) , number of items , linguistic aspects (handling different sizes of 
units, such as words, syllables, phonemes, segments of rhyme or alliteration ) and specific cognitive operations 
required by different types of tests ( Casalis & Colé, 2009;  Silva, 2013; Pinheiro, 2014) . 
 
1.3 The difficulties of learning in the intervention context. 
 
Coping with school failure, poor scholastic performance and with multiple implications for self - evaluation of 
the child, family, teachers and the community, constitutes a complex and challenging task for which there is not yet 
a prompt solution, demonstrating the need to seek alternatives that can minimize this situation. 
At the beginning of the literacy process, the child needs to discover the graph - phonological  writing 
relationship,  and this occurs through reflection on speech sounds and their relationship with the graphemes of 
writing; this reflection which requires access to phonological awareness and development of metalinguistic skills 
(Germano, Pinheiro & Capellini, 2009; Vaessen & Blomert, 2010) . 
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The direct instruction of phonological awareness, combined to the grapheme-phoneme instruction, assists the 
acquisition of the alphabetic principle and the proper development of the metaphonological abilities, favoring the 
acquisition of reading (Piasta & Wagner, 2010; Pinheiro, 2014). 
In other words, students who have difficulty in reading in the early grades and remain without learning the 
alphabetic principles, will have the same difficulties persisting throughout his/her academic life, and over the years 
it will be observed an increase in performance difference between students with reading difficulties and his/her class 
group (Ziolkowska & Goldstein, 2008). 
Thus, the employment of intervention programs with the metalinguistic skills to develop reading abilities, have 
typically used the phonological, syllabic and metaphonological skills for their development. These programs are 
generally based on phonemic, syllabic and supra - phonemic activities (rhyme and alliteration), which aim to 
develop skills related to phonological processing related to reading and text comprehension (lexical access speed, 
naming and phonological awareness). The activities which are present in the phonological training programs include 
the following scheme: syllabic structure of the word (analysis and synthesis); identification of syllables; 
identification of phonemes; comparison of syllables; comparison of phonemes; syllabic recombination ( 
segmentation and manipulation ); phonemic recombination ( segmentation and manipulation ) and identification of 
sounds and syllables for rhyme and alliteration. This combination of strategies is described by several authors, such 
as: Broom and Doctor (1995), Capellini (2001), Silva (2013) and Pinheiro (2014). 
This study aimed to develop and apply computer programs for assessment and intervention of metaphonological 
and reading skills in students with and without learning disabilities in order to supply this demand in the academic 
and therapeutic environment. 
 
2. Research Methods 
 
This study was approved by the Ethics Committee in Research of the Faculty of Philosophy and Sciences, São 
Paulo State University "Júlio de Mesquita Filho " FFC / UNESP - Marília - SP, and approved under protocol n° 
0405/2010. The survey was conducted through two studies: Study 1 consisted of the preparation of computer 
programs for assessment and intervention of metaphonological and reading skills. Study 2 consisted of the 
application of assessment and intervention of metaphonological and reading skills programs, and the study was 
divided into: Phase 1: implementation of the evaluation procedure and Phase 2: implementation of the intervention 
procedure.  
The study included 32 schoolchildren, from 7-12 years, both genders, from 2nd to 5th grades of elementary school, 
divided into: 
Group I (GI): group composed of 8 students with learning difficulties, who underwent metaphonological and 
reading intervention computerized program 
Group II (GII) group composed of 8 students with learning disabilities, not subjected to the metaphonological and 
reading intervention  computerized program 
Group III (GIII ) : 8 group composed of students without learning difficulties,  who underwent metaphonological 
and reading intervention computerized program 
Group IV (GIV): 8 group composed of students without learning disabilities, not subjected to the  
metaphonological and reading intervention computerized program. 
 These students were selected according to the inclusion and exclusion criteria proposed in this study. The 
composition of the groups was based on the suggestion of teachers of students from the 2nd to 5th  grades of a  public 
school  from Marília - SP , who presented a poor performance in relation to reading and writing activities in two 
consecutive marking periods (average below 5) and students who did not present learning difficulties, according to 
the assessment criteria. All students were submitted to the Colored Progressive Matrices Test - RAVEN (Raven, 
1938), to exclude the possibility of cognitive impairment; this procedure is applied and corrected by a 
neuropsychologist from the Research Laboratory of  Learning Difficulties  (LIDA) . 
The subjects should have auditory level above normal limits 20 dB HL (Northern & Downs, 1986) and school 
records should report that students are able to read the Snellen scale from 0.1 to 0.7 (Combos, 1979), considering 
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that it is a program of auditory and visual basis. The four groups presented, were assessed by the computerized 
evaluation program of metaphonological and reading skills, which consisted on the evaluation instrument used in the 
pre-and post-testing of the intervention program, developed in Study 1. 
    The evaluation program consisted of the analysis of correct answers in the following subtests: Rapid naming;  
Identification of the name and sounds of letters; Reading real words ; Reading nonwords; Proof of Discrimination of 
Sounds; Proof of Rhyme; Proof of alliteration; Proof of Syllable Segmentation; Proof of Syllable manipulation and 
phonemic segmentation. 
 The intervention program consisted of: Identification of Names of Letters of the Alphabet ; Identification of the 
Sounds of Letters of the Alphabet; Presentation of the sequence of letters, syllables, colors, numbers and objects for 
rapid naming; Oral reading of words and nonwords; Identification of the syllable in the initial , medial and final 
position; Identification of the phoneme in the initial, medial and thin position; Syllabic manipulation (initial, medial 
and final position); Proof of Phonemic Manipulation (initial, medial and final position ); Rhyme; Alliteration and 
accuracy of reading (words / nonwords) . 
Six individual sessions were held in the same sequence of presentation, with two weekly sessions, with the 
intervention program completed by the students within one month. Its employment consisted of five sessions, 
performing the stimuli designed for the program, and the sixth session consisted of review tasks of different graphic 
and phonological, presented during the performance of the computer program of metaphonological and reading 
intervention. Each session lasted approximately 1 hour. 
The students were exposed to the screens of the program sequentially, and they could interact with the 
information displayed (picture and sound) through the use of the mouse. 
As for the review, the researcher was allowed to use the computer room of the school, in a different period of 
time, so that the study could be performed. The annotation of the responses of the students, was done in their own 
answer sheet, specially made for recording their responses. Their performances were measured based on correct 
answers during the intervention session, so, at the end of the sixth sessions, their overall performance were analyzed 
in separate sessions. 
 
2.1 Data Analysis 
 
Statistical analysis was performed using SPSS (Statistical Package for Social Sciences), version 21.0, based on 
the number of correct answers submitted by GI and GIII , to obtain the results .The tests used were Mann- Whitney 
test in order to evaluate possible differences in assessment between both groups (GI , GII , GIII and GIV ) , and the 
Wilcoxon Signed Posts Test, for possible differences between the two observation periods (pre-and post-testing). 
The Friedman test found possible differences between the variables of metaphonological intervention program for 
GI and GIII groups. The level of significance was set at 5 % (0.05) for the statistical tests. 
 
3.0 Results and Discussions 
 
Table 1 shows the performance distribution of group GI, on the intervention with metaphonological skills and 
reading program. It becomes possible to verify a statistically significant difference when comparing pre-and post-
testing, on the  identification of sounds subtests, reading words, reading nonwords, Identification of medial syllable, 
final syllable identification, identification of the medial phoneme, phonemic manipulation, Alliteration and Reading 
nonwords. The students of GI showed superior performance on the post-tests, in these subtests, considering that 
subtests which involved the perception and manipulation of the sounds were the best results, reflecting on reading 
and encouraging the conversion phono - grapheme mechanism. 
These results show that working with the correspondence of the name of the letter and its corresponding sound, 
favors later reading development of students with and without learning difficulties, being emphasized its importance 
to the establishment of a phonological basis, on the initial phases of the literacy process (Cunningham & Carroll, 
2011). 
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This result is important since the discovery of the graph - phonological relationship of writing, the student 
acquires the ability to reflect on the sounds of speech and its relation to the graphemes, which favors the 
development of phonological awareness and the development of metalinguistic skills, fundamental to the acquisition 
of aspects related to reading and writing (Germano, Pinheiro & Capellini, 2009; Vaessen & Blomert, 2010). 
 
 
Table 1. Distribution of mean, standard deviation, minimum and maximum value of p on the performance of 
students of GI, on the review session 
 
Pair of variables N Mean Standard deviation Minimum Maximum Value of p 
IALmp 8 26,00 0,00 26,00 26,00 
> 0,999 
IALop 8 26,00 0,00 26,00 26,00 
ISmp 8 26,00 0,00 26,00 26,00 
0,016* 
ISop 8 24,25 1,17 22,00 26,00 
RWmp 8 15,00 0,00 15,00 15,00 
0,042* 
RWop 8 13,00 2,62 8,00 15,00 
RNWmp 8 5,00 0,00 5,00 5,00 
0,009* 
RNWop 8 3,63 0,52 3,00 4,00 
IISmp 8 6,00 0,00 6,00 6,00 
0,317 
IISop 8 5,88 0,35 5,00 6,00 
IMSmp 8 6,00 0,00 6,00 6,00 
0,010* 
IMSop 8 4,50 0,76 3,00 5,00 
IFSmp 8 6,00 0,00 6,00 6,00 
0,023* 
IFSop 8 5,00 0,76 4,00 6,00 
IIPmp 8 8,00 0,00 8,00 8,00 
0,180 
IIPop 8 7,13 1,64 4,00 8,00 
IMPmp 8 8,00 0,00 8,00 8,00 
0,008* 
IMPop 8 6,00 0,53 5,00 7,00 
IFPmp 8 8,00 0,00 8,00 8,00 
0,059 
IFPdo 8 7,13 0,99 6,00 8,00 
SMmp 8 4,00 0,00 4,00 4,00 
0,157 
SMop 8 3,75 0,46 3,00 4,00 
PMmp 8 4,00 0,00 4,00 4,00 
0,014* 
PMop 8 3,25 0,46 3,00 4,00 
RYMmp 8 12,00 0,00 12,00 12,00 
0,083 
RYMop 8 11,25 1,04 10,00 12,00 
ALImp 8 12,00 0,00 12,00 12,00 
0,026* 
ALIop 8 10,75 1,04 9,00 12,00 
RWHFmp 8 5,00 0,00 5,00 5,00 
0,157 
RWHFop 8 4,75 0,46 4,00 5,00 
RWLFmp 8 5,00 0,00 5,00 5,00 0,157 
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RWLFop 8 4,50 0,93 3,00 5,00 
NWmp 8 5,00 0,00 5,00 5,00 
0,038* 
NWop 8 4,13 0,83 3,00 5,00 
 
Subtitles: IAL: identification of the alphabet letters, IS: identification of sounds, RW: reading words, RNW: 
Reading of nonwords IIS: Identification of the initial syllable IMS: Identification of the medial syllable, IFS: 
Identification of the final syllable, IIP: identification of the inicial phoneme IMP: identification of the medial 
phoneme, IFP: identification of the final phoneme, SM: syllable manipulation, PM: phoneme manipulation, RYM: 
rhyme, ALI: alliteration, RWHF: real words of high frequency, RWLF: real words of low frequency, NW: nonwords 
mp: maximum performance, op: obtained performance. 
 
Table 2 shows the distribution of performance in the intervention group GII, with metalinguistic skills and 
reading program. It becomes possible to verify a statistically significant difference when comparing pre-and post-
testing, on the subtests of Identification of sounds and identification of the medial phoneme. On the other subtests, 
there was no statistically significant difference, considering the group of students without learning disabilities. These 
results reinforce the importance of working with the phonological aspects for students with learning difficulties, and 
without learning disabilities, since they also benefit from the training, foreseeing difficulties, or even facilitating the 
learning of content whose base is the letter relationship and sound. 
 
Table 2. Distribution of mean, standard deviation, minimum and maximum value of p in the performance of students 
from GIII, on the review session 
 
Pair of variables N Mean   Standard deviation Minimum Maximum Value of p 
IALmp 8 26,00 0,00 26,00 26,00 
> 0,999 IALop 8 26,00 0,00 26,00 26,00 
ISmp 8 26,00 0,00 26,00 26,00 
0,038* ISop 8 24,63 1,69 22,00 26,00 
RWmp 8 15,00 0,00 15,00 15,00 
0,102 RWop 8 14,50 0,76 13,00 15,00 
RNWmp 8 5,00 0,00 5,00 5,00 
0,063 RNWop 8 4,25 0,89 3,00 5,00 
IISmp 8 6,00 0,00 6,00 6,00 
> 0,999 IISop 8 6,00 0,00 6,00 6,00 
IMSmp 8 6,00 0,00 6,00 6,00 
0,059 IMSop 8 5,38 0,74 4,00 6,00 
IFSmp 8 6,00 0,00 6,00 6,00 
> 0,999 IFSop 8 6,00 0,00 6,00 6,00 
IIPmp 8 8,00 0,00 8,00 8,00 
> 0,999 IIPop 8 8,00 0,00 8,00 8,00 
IMPmp 8 8,00 0,00 8,00 8,00 
0,024* IMPop 8 6,88 0,83 6,00 8,00 
IFPmp 8 8,00 0,00 8,00 8,00 
0,317 IFPdo 8 7,88 0,35 7,00 8,00 
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SMmp 8 4,00 0,00 4,00 4,00 
0,317 SMop 8 3,88 0,35 3,00 4,00 
PMmp 8 4,00 0,00 4,00 4,00 
0,157 PMop 8 3,75 0,46 3,00 4,00 
RYMmp 8 12,00 0,00 12,00 12,00 
> 0,999 RYMop 8 12,00 0,00 12,00 12,00 
ALImp 8 12,00 0,00 12,00 12,00 
0,157 ALIop 8 11,75 0,46 11,00 12,00 
RWHFmp 8 5,00 0,00 5,00 5,00 
> 0,999 RWHFop 8 5,00 0,00 5,00 5,00 
RWLFmp 8 5,00 0,00 5,00 5,00 
> 0,999 RWLFop 8 5,00 0,00 5,00 5,00 
NWmp 8 5,00 0,00 5,00 5,00 
> 0,999 NWop 8 5,00 0,00 5,00 5,00 
 
Subtitles: IAL: identification of the alphabet letters, IS: identification of sounds, RW: reading words, RP: Reading 
of nonwords IIS: Identification of the initial syllable IMS: Identification of the medial syllable, IFS: Identification of 
the final syllable, IIP: identification of the inicial phoneme IMP: identification of the medial phoneme, IFP: 
identification of the final phoneme, SM: syllable manipulation, PM: phoneme manipulation, RYM: rhyme, ALI: 
alliteration, RWHF: real words of high frequency, RWLF: real words of low frequency, NW: nonwords mp: 
maximum performance, op:nobtained performance. 
 
The effectiveness of the  intervention programs with metalinguistic skills, focusing on phonological and syllabic 
skills such as: identification, segmentation, manipulation, rhyme among other skills, have been established by 
several studies (Broom & Doctor, 1995; Capellini 2001; Capellini, Oliveira & Pinheiro, 2011; Silva, 2013; Pinheiro, 
2014) and the findings of this study corroborate these notes . 
The improvement of the reading activity, with marked increase in the decoding ability, which can be verified 
with the advance of the ability to read nonwords, corroborates the findings of authors, such as: Ryder, Tunmer and 
Greaney (2008 ) and Castles et al. (2009 ), indicating that this improvement in reading ability may result from the 
implementation of the intervention programs, focused on the development of metalinguistic skills, thus influencing 




The results of GI and GIII, concerning the computerized intervention program for reading and metaphonological 
skills, presented increased performance during the sessions, with emphasis on the acquisition and development 
related to the identification and manipulation of sounds skills. Thus, the intervention program proved to be effective, 
since, after reassessment with the assessment program developed in Study 1, the students of groups underwent the 
intervention, showed superior performance in tasks involving the manipulation of sounds, reading words and 
nonwords. 
According to these findings, it was confirmed the hypothesis of this study, in which the development of a 
computerized assessment program with metaphonological and reading skills, can help identifying impaired abilities. 
It can also support the achievement of a targeted intervention program for reading difficulties, as well as the 
effectiveness of the intervention program developed,  being an important tool for working with students with and 
without learning difficulties in computer rooms of schools . 
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